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(54) PRODUCTION OF MAGNESIUM ALLOY MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnesium alloy material not causing a crack to 
the material even in one time side extrusion, 
capable of refining a grain size in a reduced 
number of processes and excellent in a 
mechanical property. 

SOLUTION: By applying the deformation of a 
large strain quantity corresponding to >220% of 
equivalent elongation to a magnesium alloy 
material subjected to hot plastic working and $ 
refining an average grain of a micro structure to 
<10 |im and an average grain size of an 
intermetallic compound to <1 |im, a high 
strength and high toughness material is 
produced. The plastic working is done by the 
method to change the extruding direction 

halfway to a side direction of an interior angle \\f of <180*' without changing the 
cross sectional area of a stock S or the method to impart presssure deformation 




by changing a pressure direction as well as a cross sectional shape for the stock. 
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* NOTICES * 
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damages caused by the use of this translation. 

IThis document has been translated by computer So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




[Claim(s)] 

[Claim 1] The manufacture approach of the Magnesium alloy material 
l/J,n^T^M , '' manufacturing high intensity and a high toughness ingredient by 
adding big deformation of the deformation amount equivalent to 220% or more of 
considerab e elongation to the Magnesium alloy material which performed plastic 
wori^ng between heat, and making detailed mean particle diameter of 10 
micrometers or less and an intermetallic compound to 1 micrometer or less for 
the diameter of average crystal grain of a microstructure 

hJiTi .h^l'rr""''^"''*'''? ^^^'^"^^ Magnesium alloy material according to 
daim 1 that Magnesium alloy material is produced by casting and destroys cast 
structure by plastic working between heat. 

dJit"l whT!^h T"^"?"*? '^'"'^"''^ Magnesium alloy material according to 

claim 1 which adds a big distortion which is equivalent to 220% or more of 

thTn '?«n'H ^'^"^f °? '^^"^'"^ °^ ^^^^^^^^ t° the side of less 

than 180 degrees of interior angles on the way. and giving shearing stress to 

TaflT '^^Zn'"''"^' "^'"^'"^ v^hich the material 

has makes detailed mean particle diameter of 10 micrometers or less and an 
intermetallic compound to 1 micrometer or less for the diameter of average 
crystal gram of a microstructure, and manufactures high intensity and a high 
toughness ingredient. y «»"u d mgn 

SfrT/^ J^^ manufacture approach of the Magnesium alloy material according to 
claim 1 which manufactures high intensity and a high toughness ingredient by 
adding a big distortion which is equivalent to 220% or more of considerable 

mSrcht ' "'^^ *° Magnesium alloy material to the 

material changing a cross-section configuration to it. and giving pressurization 

or elTlnd" ''''''' °' micrometers 

ZerlirllfJ^^^^^ """"^^""^ '° ^ micrometer or less for the diameter of 
average crystal gram of a microstructure. 



[Translation done.] 



* NOTICES * 



.JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] More specifically, this invention relates to the approach of 
manufacturing high intensity and a high toughness ingredient by plastic 
[0002"^*'°"' Tianufacture approach of Magnesium alloy material. 

[Description of the Prior Art] Generally, the ductility of a metal or an alloy 
becomes larger, as it becomes an elevated temperature, and becomes easy to 
carry out fabrication. However, when a metal or an alloy is exposed to an elevated 
temperature, there is a problem that the mechanical properties (reinforcement 
degree of hardness, etc.) fall. On the other hand, deformability becomes small with 
100% or less and stops easily being able to carry out at the temperature to which 
a mechanical property does not fall for fabrication. Moreover, when the diameter 
of crystal gram of a metal or an alloy is made small and conditions, such as 
temperature and deformation velocity, are set up appropriately, it is known that a 
super-elasticity deformation field will be discovered. Then, in order to make the 
diameter of crystal grain small and to enable super-plastic deformation, various 
processes are studied, for example, detailed-ization of an organization is 
performed in the following processes. 

[0003] (a) In the case of a casting, generally add transition elements (Mn Cr Zr 
Ti. etc.; as the 3rd element, deposit a detailed pinning particle, and prevent big ' 
and rough-ization of the crystal grain in hot working etc 

[0004] (b) By the rapid solidification method or mechanical alloying, produce the 
powder which has a detailed organization and solidify. Since a transition element 
""^^ *° maximum solid-solution limit in the case of a 

rapid solidification method, compared with the casting metallurgical method the 
detailed particle deposited in high density, on the other hand, in the case of 
mechanical alloying, the organization which made high density distribute a detailed 
oxide was obtained, and these very fine particles have protected big and rough- 
ization of crystal grain. 

[0005] In the case of the approach of adding the 3rd element of the above (a) the 
detailed organization whose diameter of crystal grain is about 1 micron was ' 
th.Z> . * complicated processes were needed and several microns were 
the limitation of detailed-izing on industrial level. Moreover, the sludge which is 



working as a pmning particle may serve as an origin of a cracl< or a void or faticue 
strength and toughness may be degraded. On the other hand, according to the 
xap,d sol,d,ficat.on method and mechanical alloying of the above (b) the diameter 

IZ^ r" ^"'f' *° " o^^^ni^-tio" 1 micron ones M 

needed .T' """''^'-"'^t^ll^^ey Processing therefore, many processes were 
needed, and long duration was attained to. consequently cost became high and 
there was a problem in respect of economical efficiency and productivity 
compared with a casting metallurgical method. Moreover, the sludge which is 

Tl^^nT' H "''^"'^ ^" of - oraok or a vrd'or atigue 

strength and toughness may be degraded raugue 

[0006] Moreover, this invention persons gave side extrusion previously to 
izaZr ' Tf of Perfomiing detailed- 

[Problem(s) to be Solved by the Invention] However, when the side ejector 
system of an »idication in the above-mentioned official report is appi ed to the 
^Jloy produced by casting in the case of the Magnesium alloy of thfs invention 
„rr« "^'''r,**'^ ' arises into an ingredient and future 

TmLr ! 'r*"*'°"' ^^'^ detailed-ization of the 

tZtllf . "'""J'"" comparatively performed in between by the 

aTov mtrVr^' " ''^""oh that the Magnesium 

manufTcJ^™! "''»''^""=^' P^Perty can be 

[0009] 

[Means for Solving the Problem] This invention is the manufacture approach of 
^ touTl"': *"»^r\T' «t«rized by manufacturing high intensity and a 
eql^v^en? to 22nTt r .""""^.^'^ deformation of the deformation amount 
equivalent to 220^ or more of considerable elongation to the Magnesium alloy 

partite daml^o^^O "'^"^ detai'edmean 

; r r or less and an intermetallic compound to I 

Kris I M °' °' ^'^'"^^ of a microstrurture 

10010] As a Magnesium alloy applied to this invention, although it is applicable to a 

exTr^irT"^"/^.^'**'"^ " "^^"-^^ «K system) alio" etc or 
example, t is applicable not only to these but all the usual Mg alloys. Moreover it 
IS desirable that at least one sort of elements of So Zr Ti Tr Mn <!.■ ! ! • 
con^n in Mg alloy applied to this inventiontsf tL" tsItu'Mg'a^y t 
effective by what was produced by casting 

[001 r] In this invention, although it is important to perform plastic wori<ing 
between heat in advance, it is effective to be able to apply extrusiorfor^ng etc 
and to cany out at 200-360 degrees C as the concrete temperature as the 
concrete processing, when preventing big and rough-ization of destruction and 

carry out at 200-320 degrees C especially in the case of said ZK system allov 

perform solution treatment at temperature higher than said extrusion temperature. 



[001 2] Furthermore, although big deformation of the deformation amount 
equivalent to 220% or more of considerable elongation is added in this invention 
By changing the direction of extrusion to Magnesium alloy material on the way in 
the side of less than 1 80 degrees of interior angles, and giving shearing stress to 
it as. these concrete approaches, the 1 st. without changing the cross section 
which the material has The big distortion equivalent to 220% or more of 
considerable elongation is added. The diameter of average crystal grain of a 
microstructure 10 micrometers or less, Mean particle diameter of an intermetallic 
compound is made detailed to 1 micrometer or less, and there is the technique of 
the manufacture approach of the Magnesium alloy material which manufactures 
high intensity and a high toughness ingredient. By changing the pressure direction 
to Magnesium alloy material to the material, changing a cross-section 
configuration to the 2nd, and giving pressurization deformation to it The big 
distortion equivalent to 220% or more of considerable elongation is added, and 
there is the technique of the manufacture approach of the Magnesium alloy 
material which manufactures high intensity and a high toughness ingredient by 
making detailed mean particle diameter of 10 micrometers or less and an 
intermetallic compound to 1 micrometer or less for the diameter of average 
crystal grain of a microstructure. 

[001 3] The 1 st technique is a side extrusion method and is the most desirable in 
respect of productivity, economical efficiency, etc. As shown in drawin g 1 , by 
joining a die 2 to two extrusion containers which have the same cross section 
inside, or a container 1 at the suitable include angle (2psi) of less than 180 
degrees, inserting the Mg alloy S in one container 1, and extruding and carrying 
out towards a following container or a following die 2 with a ram 3, the side 
extrusion method by this invention is an approach of adding the shear strain of 
the direction of the side to an ingredient, and performs this process two or more 
times preferably. By applying this approach to Mg alloy, it is a very simple process, 
and crystal grain is made detailed by 1 micron or less, without moreover 
decreasing the cross section, and toughness is greatly improvable while 
strengthening exceeding the reinforcement by the conventional work hardening 
moreover can be performed. Moreover, the process has effectiveness also in cast 
structure, the macro of an alloy content, destruction of a micro segregation, and 
homogenization, and hot and prolonged homogenization heat treatment to which 
Mg alloy is generally also carried out can also be omitted. Furthermore, even if 
accompanied by cross-section reduction in a die 2, the effectiveness will not 
change. 

[0014] The amount of shear strains applied to Mg alloy with the side extrusion 
method of this invention changes with junction include angles of two containers or 
a container, and a die. Generally, deformation amount **epsiloni per extrusion by 
such shear strain is given by the following formula (1). 
[0015] 
[Equation 1] 



A € 1 = 
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•ootani^ —(1) 



&RR=-^=e xp (Ac i) 



•■ (2) 
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■) XlOO 



••• (3) 
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E,E= (ERR-1) XlOO -(4) 

[001 6] (however, **epsiloni — a deformation amount and psi — in the cross 
section before processing, and A, the cross section after processing and EAR 
express the considerable reduction of area before and behind processing, and EE 
expresses [ 1/2 of a junction interior angle, and ERR / the surface ratio before 
and behind processing, and Ao ] an equivalent strain (elongation and homonymy).) 
That is, when the interior angle of Junction of two containers or a container, and a 
die is a right angle (90 degrees), a deformation amount is given by 1 time of side 
extrusion, and, in the case of 1.15 (considerable elongation: 220%) or 120 degrees, 
a deformation amount is given by 0.67 (considerable elongation: 95%). By carrying 
out side extrusion of the cross section to a right angle, while it has been the 
same, processing equivalent to 69% (reduction of area) of rolling reduction by 
rolling can be added. 

[001 7] By repeating the above-mentioned process, distortion can be accumulated 
into an ingredient at infinity, without changing the cross section of an ingredient. 
Addition deformation amount epsilont given to an ingredient by the repeat is given 
by the following formula (5). 
[0018] 
[Equation 2] 

e .=A€ iXN ••• (5) 

[0019] (However, epsilon 1 expresses an addition deformation amount and N 
expresses the count of extrusion.) 

Although many these counts of a repeat (N) are theoretically good so that there 
are, a saturation state is looked at by that effectiveness by a certain count with 
an alloy in fact. With common Mg alloy, effectiveness sufficient by four repeat 
numbers (addition deformation amount: 4.6, considerable elongation when a 
junction interior angle is a right angle : 10000%) can be acquired. Although 
distortion can be accumulated in infinity also with rolling, the cross section 
becomes small in that case at infinity, and it is contrastive with a side extrusion 
method in this point. 

[0020] As for the side extrusion by this invention, it is desirable to carry out at 
low temperature as much as possible. However, the deformation resistance of an 
alloy is so high that it becomes low temperature, and deformability has the 
inclination for low temperature to become small. In order to obtain the strong 
relation and the strong healthy extruded material of the tool for extrusion, it is 
carried out at the suitable temperature which usually changes with alloys. 
Generally, 300 degrees C or less are preferably performed below with recovery 
temperature still more preferably below the recrystallizing temperature of an alloy. 



However, this recrystallizing temperature and recovery temperature change with 
the workability added to an ingredient. Extrusion temperature changes also with 
extrusion include angles, and it becomes possible at low temperature, so that an 
include angle becomes large. This is because constraint by that extrusion force 
(energy which shear deformation takes) becomes small, and the deformability of 
an ingredient becomes loose, 

[0021] The 2nd technique is the technique of forging by changing the compression 
(press) direction serially, as shown in drawing 2 , for example, changes a cross- 
section configuration by making it press and compress from X shaft-orientations 
both sides, adds deformation to a material, and then, from Y shaft-orientations 
both sides, as it said further that it was from Z shaft-orientations both sides, it 
gives a compression set serially. Do not make it under the present circumstances, 
more more desirable for the cross section of a material to change. While being 
able to give the deformation amount which is equivalent to the considerable 
elongation beyond 220% or it like the above-mentioned side extrusion method also 
in this technique, detailed-ization of crystal grain and an intermetallic compound 
can be performed. Moreover, the temperature in the case of forging as well as 
above-mentioned extrusion temperature is applicable. 

[0022] The diameter of average crystal grain can set mean particle diameter of 10 
micrometers or less and an intermetallic compound to 1 micrometer or less by 
such technique, and such a Mg alloy can be fabricated in configurations various on 
the temperature of 100-350 degrees C, and the fabrication conditions of strain 
rate 1 0-5-1 OOS-1. Moreover, since 150% or more of elongation is shown on the 
occasion of shaping, an ingredient deforms according to deformation in 
deformation by the grain boundary skid, and a grain (plasticity), and super- 
elasticity-deformation arises. Moreover, when the detailed intermetallic compound 
exists, even if it heats as mentioned above in the case of shaping, big and rough- 
ization of crystal grain is controlled, and it is hard to produce the fall of a 
mechanical property. In addition, when super-elasticity-shaping and a mechanical 
property are taken into consideration, it is desirable more desirable that it is 3 
micrometers or less, and the diameter of average crystal grain is 1 micrometer or 
less. 
[0023] 

[Embodiment of the Invention] Hereafter, based on an example, this invention is 
explained concretely. Using ZK60 (Mg-6Zn-0.5Zrwt%) as an application alloy, by 
casting, the round bar with a diameter of 80mm was produced, solution treatment 
was performed for the obtained round bar at 499 degrees C for 2 hours, and 
extrusion was performed for this with 300 degrees C and an extrusion ratio 1 0. 
About the obtained extruded material, when the organization was questioned, it 
gazed at the recrystallized structure of 20 micrometers of diameters of average 
crystal grain. 

[0024] Next, side extrusion shown in drawin g 1 was performed using this extruded 
material. The conditions of side extrusion were performed in temperature 453K 
using two containers (diameter of 25mm of a hole) connected with the right angle 
(psi= 45 degrees). Side extrusion made processing of a repeat deed and the 
addition deformation amount (epsilont) 9.4 (1 million % of considerable elongation) 



of the above-mentioned formula received 8 times. Thus, yield stress was what has 
the mechanical property in which the obtained magnesium material does not have 
generating of a crack etc., and it excelled with 370MPa(s) and 10% of elongation to 
commercial T5 processing material being yield stress 230MPa and 5% of 
elongation. 

[0025] moreover, when a transmission electron microscope (TEM) image (scale 
factor: 30,000 times) investigates an organization, while being detailed crystal 
grain 1 micrometer or less, the magnitude of an intermetallic compound is also 1 
micrometer or less — moreover, it was observed that an intermetallic compound 
is the organization which distributed minutely to crystal grain. 
[0026] Solution treatment was performed for the round bar which produced the 
round bar with a diameter of 25mm by casting, and was obtained at 499 degrees C 
about the alloy same as a comparison as the above for 2 hours, and side extrusion 
of this was carried out. The conditions of side extrusion are the same as that of 
the above. In this case, the crack occurred into the ingredient in the 1 st side 
extrusion. 
[0027] 

[Effect of the Invention] According to the approach of this invention, by carrying 
out side extrusion of the Magnesium alloy at low temperature comparatively, mean 
particle diameter of 10 micrometers or less and an intermetallic compound can be 
made detailed for the diameter of average crystal grain of a microstructure to 1 
micrometer or less, and reinforcement and toughness can offer the Magnesium 
alloy ingredient with which it has improved sharply and balance was able to take 
the value of the conventional Magnesium alloy ingredient. That is, it combines and 
has high corrosion resistance and high impact absorptivity with high intensity and 
high toughness, and workability, such as extrusion and cold working, is improved, 
and injection molding also becomes possible also in a solid phase region. 
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JPO and NCIP! are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is the explanatory view of the side extrusion in this invention. 
[ Drawi ng 2] It is the explanatory view of the approach of forging by changing the 
compression direction serially in this invention. 
[Description of Notations] 

1 Container 

2 Die 

3 Ram 

5 Magnesium Alloy 
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DRAWINGS 
[ Drawin g 2] 




[Drawing 1] 
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